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v Aim of the study :
-> Pressure cell for SANS and NSE measurements, up to 6,000 bar, with
small volumes (= 100 pL) and low concentration (typically few g/L for a
protein) to study structure and dynamics of molecules in soft matter and
biophysics (e.g. conformation of proteins, ...)

v/ Our strategy:

* thick windows in stainless materials (alloys), which display
good mechanical properties, reasonable transmissions, and (if possible...) a
« low » Q-scattering

* use of a method developped at LLB for cell subtraction:
* A. Brilet et al. J Applied Crystallography 40: 165-177, 2007
* « Pasinet » reduction software: http://didier.lairez.fr/pasinet2/doku.php
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v cell body: Marval
x12 stainless and
extremely resistant 2>
reusable

v windows: cheap (=
100 €) and easy to
machine

—can be changed

- adaptable to the
experiment

v/ easy to clean and
empty

v temperature control
(15-140°C )

Pressure cell with

removable windows

A-A(2:1)

2 windows : 6.1 mm
e .60#,"1/ thickness each

aphragme @5

- removable
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Nb vs. other alloys

|’pl_t:?béo%oire Léon Brillouin
Window thickness for Pmax = 6,000 bar:
6 A 3 m: O 01 < Q <0. 15 A 1 normallzatlon by the thlckness
pure Nb 12.2 mm
> ° Al 2017A:12.2 mm (PACE)
1001 o Al 7049A: 12.2 mm
° Al 2017A: 12.2 mm (PAXY)
. ® TiZr: 8.6 mm
S o 0 o Stainless steel: 10 mm
D ® Ce2e% ZrNb1: 0.4 mm (thin sheet)
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Nb vs. quartz Hellma cell
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© pure Nb window
® o quartz Hellma Cell
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rpLDbéogfoire Léon Brillouin
Total Transmission | Ty at 13 A | Transmission | Trat 6 A | Max. pressure | Q range
thickness at13A | for 10 mm at6 A for 10 (bar) for 10 (A
(mm) thickness mm mm
thickness
Al 2017A 12.2 0.785 0.820 0.943 0.957 —4500 Q> 0.01
Alu2017A + Mb 12.2 + Mb 0.506 0.556
Al 7049A 12.2 0.760 0.799 ~6000 Q>0.1
244 0.884 0.951
Alu 7049A + Mb 12.2+ Mb 0.497 0.544
Tied57.5-47.5) 8.6 0.416 0.361 ~6000 Q>0.07
TiZr + Mb 8.6 + Mb 0.261
Staipless steel 10 0.295 0.295 ~6000 Q>0.01
ZrNbl1 0.4 0.993 0.839 ~3000 Q>0.01
pure Nb 12.2 0.595 0.775 0.811 ~2500 Q> 0.01
Quartz Suprasil 2.5 0.970 0.885 0.950 0.815 - Q> 10°
Saphir * 12 0.850 (18 A) | 0.873 (18 A) 0.940 0.950
* from Ralf Schweins
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v/ Good subtraction of the pressure cell windows (Al, Nb, TiZr)

v Pure Niobium (from Cabot, Boyertown (USA)): soft metal ; difficult to machine
but resistant to corrosion

but a good candidate for low scattering samples (e.g. diluted proteins), at low
pressure experiments (P < 2,5000-3,000 bar)

v Removable windows: adaptable to the experiment
- range of Q-scattering
- absorption

- I:)max
- corrosion
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Aim of the study: investigate the conformations adopted by the beta-lactoglobulin
(BLG) (milk protein) under pressure in the presence of retinol (A vitamine)

- determine if the presence of this small molecule (retinol) inside the protein
stabilizes its structure.

BLG is very sensitive to high pressure, whereas myoglobin, with its compact structure,

is less affected by pressure. Unfolding of beta-lactoglobulin begins around 2’500 bar,
while it is observed at 6,000 bar in the case of myoglobin.

different concentrations: 5, 10, 15 g/L
(higher: aggregation)

beta-lactoglobulin %
nmia 4.']',’ 1"_;
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v Separation piston: good sealing between the buffer in the sample room = no
problem of sample or buffer leakage or mixing of sample/buffer solutions
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Joint torique en FPM 80Shore 18 089 18 081-2 18 086 18 083 18 Z87 18088 18 084 18085
di: 3,10mm; tore: 1,60mm acier Marval X12
4h a 520°C A
V échantillon: 1,53 ml
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Piéce pour: Spécifications particuliéres:
Diffusion aux Petits Angles
G. Gibrat

Tolérances  Bords Echglle 21 Poids
générales DIN 6784 Matiere:
ISO 2768-mH Traitement thermique:

ion:

r
Date Nom  Adresse:
Dessiné 07/08/2006 Annighéfer

verie Assemblage

Norme Séparateur 6mm, 7kbar
CEATCNRS  iloui Feuille
CEN Saclay - Bat. 563 1 8 080 /’
F-91191 Gif-sur-Yvette Cedex Feuilles {
IndiceModifications Date Nom ll
B |
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v/ Leakage: the Nb windows had been tested until 2,700 bar ; but during the

experiment, leakage at 2,200 bar ; measurement done at 1,800 bar, not enough to
unfold the BLG protein

v’ Change of the windows: (Nb -> Al 2017A) quite long because of (soft and malleable)
lead O-ring (more than 1h) and tricky (the cell could be damaged) ; has to be done
before the experiment, not during a 3-day-test!

- several replacement cells (but expensive: about 4,000 €/cell)

— change of the system of sealing, without using lead O-ring

Ami=3 ,?

20/25 T



O

o

o ﬁ Bridgman system:

over pressure, use of plastic seals instead other system:
of lead! leakage possible? but easy to demount
T-section \ 7 ':
ring '
U—sgcfion\
ring
(a) & \ >
/' _—d - - = = =]
\ 7 / ////
s,
i

icm

(c)

Figure 5.32  Mushroom-type gland seals: (a) after Griggs (1936), (b) after Tsikli Figure 9.10 Two-window steel cell after Dultz, Krause and Ploner (page 442, Vol. 1.
(¢) after Lifshits and Martinov (1963), and (d) the ‘Dowty’ seal (unsupported ar. Proc. VI AIRAPT Conf.- (1977); Plenum Press, New York (1979)) for Raman studies
from the holes through which the pegs pass) (forward or back scattering) 0P <1 GPa, 70< T<600 K
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mla W.F. Sherman, A.A. Stadtmuller, Experimental techniques in high pressure research, John Wiley & .
L Son LTD, ISBN 0471 10313 6 (1987) 24/25 s
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//// | // Key:
e S L / i iy High-pressure cell body
\ Vs (d) B Teflon tube (inner cell)
| C Inlet for pressure
< i transmitting liquid
ok // o D Steel push piece
/ / £ O-ring seal
// / F Sapphire window
/ // G Window support plug
icm
Figure 9.10 Two-window steel cell after Dultz, Krause and Ploner (page 442, Vol. 1.
Proc. VI AIRAPT Conf. (1977); Plenum Press, New York (1979)) for Raman studies
(forward or back scattering) 0P <1 GPa, 70 T<600 K
mla W.F. Sherman, A.A. Stadtmuller, Experimental techniques in high pressure research, John Wiley & Ilu//;f
n Son LTD, ISBN 0471 10313 6 (1987) 25/25 ET



